Objective : Surgical resection of thalamic and brainstem cerebral cavernous malformations (CCMs) is associated with significant operative morbidity, but it may be outweighed, in some cases, by the neurological damage from recurrent hemorrhage in these eloquent areas. The goals of this retrospective cohort study are to describe the technical nuances of surgical approaches and determine the postoperative outcomes for CCMs of the thalamus and brainstem.
INTRODUCTION
Cerebral cavernous malformations (CCM) are commonly localized to deep regions of the brain, such as the thalamus and brainstem. Thalamic and brainstem CCMs account for approximately one-third of CCMs. 41) 42) The annual hemorrhage risk of these deep-seated CCMs has been reported, in some series, to be sig-nificantly higher than superficially located CCMs. 57) Specifically, the hemorrhage risk of brainstem CCMs with a history of clinically overt hemorrhage may be as high as 20% per year.
2) Due to the increased propensity for symptomatic CCMs to hemorrhage and the exquisitely sensitive nature of the thalamus and brainstem, intervention should be considered for appropriately selected lesions.
24)38)
However, thalamic and brainstem CCMs present a significant surgical challenge, and are associated with relatively high rates of operative morbidity and mortality. 41 )58) While radiosurgery has been employed as a minimally invasive therapy for surgically unfavorable CCMs, the efficacy of this approach is controversial.
Thus, surgery remains the gold standard of treatment for symptomatic CCMs which necessitate intervention.
The aims of this retrospective cohort study are to (1) evaluate the technical aspects of common surgical approaches to CCMs of the thalamus and brainstem using specific case examples and (2) determine the postoperative outcomes for patients with thalamic and brainstem CCMs in the modern era.
MATERIALS AND METHODS

Patient selection
We performed a retrospective evaluation of an in- 
Baseline data and follow-up
The following baseline data were extracted from di- 
RESULTS
Patient cohort and preoperative evaluation
A total of eight patients, two with thalamic CCMs (25%) and six with brainstem CCMs (75%), were included in the study cohort. The affected brainstem regions were the pons and medulla each in two patients (25%), and the midbrain and pontomesencephalic junc- cm CCM in the right anterior medial thalamus, with medial extension into the third ventricle and inferior extension into the cerebral peduncle (circle). Postoperative MRI (follow-up interval 5 months) after resection via an anterior transcallosal transchoroidal approach, T1-weighted sequence without contrast, (D) axial, (E) sagittal, and (F) coronal views, shows dense hemosiderin staining along the right lateral aspect of the surgical cavity, which is suspicious for a small amount of residual CCM (circle). MRI = magnetic resonance imaging; CCM = cerebral cavernous malformation. Summary of surgical outcomes for thalamic and brainstem CCMs Perioperative complications were present in four patients (50%), including three patients who required additional procedures (38%). At a median follow-up of 11.5 months (range 0.5 to 21 months), the median mRS score was 2 (range 1 to 4). Functional outcome was improved, at follow-up, in five patients (63%), stable in three (38%), and worse in none. Five patients were functionally independent, defined as mRS 2 or less (63%).
DISCUSSION
The management of thalamic and brainstem CCMs remains controversial. The elevated risk of both initial and repeat hemorrhage for these deep-seated CCMs compared to cortical CCMs favors intervention, whereas the relatively high rate of neurological morbidity associated with surgical resection of these lesions supports a more conservative approach.
41)42)
Although radiosurgery is a conceptually attractive alternative to surgical resection of eloquent CCMs, the radiosurgery-induced complication rate is significantly higher for CCMs than for AVMs, and CCMs cannot be radiologically monitored for obliteration after radiosurgery. The limitations of our study should be noted. The study design is retrospective and describes the experience of a single surgeon (K.C.L.) at a single center, which subjects our findings to the selection and referral biases of the physician and institution. Since the surgeon was not present at our institution prior to 2010, the cohort size is relatively small, which restricts our ability to perform any meaningful statistical analysis. The number of cases was also too small to adequately assess the safety and efficacy of the surgical techniques and approaches employed in this study. Additionally, certain surgical corridors, such as transpetrosal approaches which may be preferred for more cranially or ventrally located midbrain CCMs, which were not utilized for our patient cohort.
60)
However, we believe that highlighting the technical aspects of the common approaches employed in our study may provide valuable insights regarding the modern management of patients harboring CCMs of the thalamus and brainstem. Furthermore, prospective studies remain necessary to determine the long-term benefit of intervention for CCM patients and the patient and lesion characteristics most likely to benefit from surgical resection. 
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